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KINETIC OF SORPTION OF Sr>* IONS FROM AQUEOQUS
SOLUTIONSBY SYNTHETIC INORGANIC SORBENTS

The adsorption of Strontium (Sr2*) ions

Purpose: All chemical processes including adsorption occur in complicated
mechanism and are reversible. After some time equilibrium has introduce. These
complexmechanisms can bedivide intoa numberofsimple stages, which can be
describe by relatively simple mathematical equation. In this study theadsorption of
Sr** ions from aqueous solutions by synthetic inorganic sorbents Titanium
Phosphate (PhTi) and Zirconium Silicate (ZrSi) was investigate. To simulate the
adsorption kinetic, two commonly used models Elovich and Diffusion kinetic
models were apply. In addition to Elovich kinetic model experimental data of
sorption must have a linear dependence in coordinates At vs In t, investigating
adsorption processes is chemisorption, and limiting step of adsorption is surface
chemical reaction. In additionto Diffusion kinetic model, forexample, intra particle
diffusion -the limiting step of adsorptionis the diffusionstage of Sr** fromsolution
to the surfaceofsorbent. Diffusionin micro porous carries thecharacter ofactivated
diffusion, which usually described by Weberand Morris. Theexperimental data is
the plot in coordinate Arvst*.

Methods: TitaniumPhosphate (PhTi)and Zirconium Silicate (ZrSi) synthesized in
Institute of Sorption and Endoecology Problems NAS of Ukraine, Kiyv. Porous
radius and volume, as well as surface area were investigate in the same institute
using low temperature adsorption-desorption of Nitrogen and BET adsorption
equation. To study the effectof pHand agitationtime on adsorption of Sr?* ions,
batch studies performed and unabsorbed ions of Sr** analyzed using
complexonometric titration.

Results: Forallthe systems, which examined, the Elovich kinetic model provided
better correlation ofthe experimental data. For ZrSithe stage of diffusiondeep into
the sorbentis also an important stage. This is due tothe fact, that ZirconiumSilicate
is a micro porous material with a narrow distributionof pore radii. It was observe
that maximum adsorption coefficients take placeat pH ~ 11.

Conclusions: It was shown, that adsorption of Sr** ions strongly depend ontime of
interaction between solution and surface of sorbents; as wellas solution’s acidity.
The sorption coefficients of Sr** by Titanium Phosphate are higher than by
ZirconiumSilicate. To simulate the adsorption kinetics, two commonly used models
Elovich and Diffusion were apply. For all the systems, the Elovich kinetic model
provided better correlation. It was observe that maximum adsorption coefficients
take place at pH~ 11. The pH ofthe solutionmay change thesurface charge of the
adsorbent andincrease the probability of surface complexformation of -OH-Sr* or
—OH-Sr-OH compounds.

Keywords: strontium, titaniumphosphate, zirconiumsilicate, kinetic model.

sorbents Titanium Phosphate

(PhTi) and

from aqueous solutions is of considerable
practical importance in many areas. Many
types of sorbents can be use, for this purpose.
In this study the adsorption of Sr2* ions
from aqueous solutions by synthetic inorganic
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Zirconium Silicate (ZrSi) was investigate. For
the practical use of the sorbents, it is
necessary to know the kinetics of the sorption
process (dependence the course of the
sorption process on time). The possibility of
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representing the experimental data of the
dependence of value of adsorption on time
within  some kinetic model allows better
understanding the sorption mechanism and
predicting the results.

All  chemical processes including
sorption occur in complicated mechanism and
are reversible. After some time equilibrium
has introduce. However, these complex
mechanisms can be divide into a number of
simple stages, which can be describe by
relatively simple mathematical equation.

To simulate the adsorption kinetic, two
commonly used models Elovich and
Diffusion kinetic models were apply for Sr2+ -
PhTi and Sr2* - ZrSi interactions. The main
equations of two these models are given in
table 1.

Table 1.Simplified equations of Elovich and Diffusion
kinetic models.

Kinetic Linear equation of
models Kinetic model
Elovich A=1/f In (af)+1/B In t (1)
Diffusion
(Intra- A=k gt +C (2)
particle At = K gie Vit
diffusion)

At — adsorption coefficient [mg'g?] or
[mmol'g?] at contact time t [min]; A. —
equilibrium adsorption coefficient, [mg-g1] or
[mmol'g?]; Ky a, B — constants of Elovich
and Diffusion kinetic models.

In addition to Elovich kinetic model
experimental data of sorption must have a
linear dependence in coordinates At vs Int. In
that case the under investigating sorption
processes is chemical sorption process.

In addition to Diffusion kinetic model,
for example, intra particle diffusion -the
limiting step of sorption is the diffusion stage
of Sr2* from solution to the surface of sorbent.
Diffusion in micro porous carries the
character of activated diffusion, which usually
is described by Weber and Morris [4-6]. The
experimental data is the plot in coordinate A
Vs 1.

Experimental technique
Experimental ~ studies of  strontium
removal from aqueous solutions carried out
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using stable isotopes of Sr in the form of
SrCl, -6H,0.

Titanium  Phosphate  (PhTi)  and
Zirconium Silicate (ZrSi) were synthesized in
Institute of Sorption and Endoecology
Problems NAS of Ukraine, Kiyv. Porous
radius and volume, as well as surface area
were investigate in the same institute using
low temperature (77 K) adsorption-desorption
of Nitrogen [1, 2] and BET adsorption theory.

To study the effect of pH and agitation
time on adsorption of Sr2* ions, we were
performed batch studies at the room
temperature of 18°C. The mass of sorbent was
50 mg, volume of solution — 5 ml. We
perform intermittent shaking. We withdrawn
the mixture at specified interval of time and
unabsorbed supernatant liquid was analyzed
for the residual dye concentration using
complexonometric  titration.  The initial
concentration of Sr2* ions in aqueous
solutions were 0,005 moll! (22 mg of
element in 5 ml of solution). Amount of
adsorbed Sr2*+ was calculated using the
concentration in solutions before and after
adsorption process.

The initial pH’s of the solutions were
controlled by adding a 4 ml 10% HNOj3 or
5ml 10% NH4OH, using pH — meter pH-
150M «Bilorus’ 2003».

All the adsorption tests were performed
at least twice. The sorption coefficients were
measured using equation from literature [1].
The correlation coefficients (R2), arithmetic
mean and error of arithmetic mean were
calculated using EXEL and internet sours [10,
11].

Results and discussion

The effect of contact time on adsorption
of Sr2* ions onto Titanium Phosphate and
Zirconium Silicate as well as the pH
dependence of sorption coefficients were
measured. The obtained results are shown in
figures 1-3, 5, and tables 2, 3.

For all the systems, which were
examined, the Elovich kinetic model provided
better correlation of the experimental data.
For ZrSi the stage of diffusion deep into the
sorbent is also an important stage. This is due
to the fact, that zirconium silicate is a micro
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porous material with a narrow distribution of
pore radii (see in fig.4).
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Fig. 1. The effect of contact time on adsorption of Sr?*

ions onto: (1) Titanium Phosphate, (2) Zirconium
Silicate.

It was observe that maximum
adsorption coefficients take place at pH ~ 11.
The pH of the solution may change the
surface charge of the adsorbent and increase
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the probability of surface complex formation
of —OH-Sr* or —OH-Sr-OH compounds.
While  the both adsorbents  Titanium
Phosphate and Zirconium Silicate has — OH
functional groups on their surface.

For the neutral and alkaline medium,
the sorption coefficients of Sr2* onto both
sorbents have not changed. This means, that
with this value of the solution’s acidity,
sorption  equilibrium already has been
establish. In the acidic medium, the
equilibrium of sorption of Sr2* ions is set
slower and therefore in the range of 45 — 90
minute the coefficients of sorption of Sr2* ion
are still increasing. For Titanium Phosphate,
the coefficients of Sr2*‘s adsorbtion in the
range of 45 — 90 minute, on the contrary,
decreases; and the pH dependence acquires
the standard form.

R%= 06779
y=223x + 5,838

172

2

Fig.2.Plot of: (1) Elovich equation, (2) Diffusion modelequation for sorptionof Sr** ions on to TitaniumPhosphate.
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Fig.3.Plot of: (1) Elovich equation, (2) Diffusion modelequation for sorptionof Sr?* ions on to ZirconiumSilicate.
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Fig.5. pHdependence of sorption of Sr?* ions: 1- PhT; 2- ZrSi (1) contact time is 45 min; (2) contacttime is 90 min.

Table 2. Apply the Elovich and Diffusionkinetic models to experimental adsorption data for Sr?* ions fromaqueous
solutionsat pH=7.

sorbent Elovich kinetic model R2 Diffusion kinetic model R2
PhTi A=64Int+221 0,84 A =223 \t+5384 0,68
ZrSi A=275Int-235 0,86 A=1,15 Vt+ 0,13 0,78

Table 3. pH dependence of sorption coefficients (A, mmol/g) of Sr** ions by titaniumphosphate and zirconiumsilicate
(45 min sorption)

sorbent pH=1 pH =7 pH =11
titanium phosphate 0,299+0,019 0,27+0,015 0,5+0,025
zirconium silicate 0,246+0,018 0,095+0,008 0,5+0,020
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Conclusion

. In this study, the kinetic of removal of Sr2*
ions from aqueous solutions onto PhTi and
ZrSi was investigate in the batch mode. It

Thermodynamics and Desorption studies

Crarts Hagiinoia 1o penaxmi 09.04.2018.

Diffusion were apply. For all the systems,
which were examined, the Elovich kinetic
model provided better correlation of the
experimental data.

was shown, that sorption of Sr2* ions 3. It was observe that maximum adsorption
strongly depend on time of interaction coefficients take place at pH ~ 11. The pH
between solution and surface of sorbents; of the solution may change the surface
as well as solution’s acidity. The sorption charge of the adsorbent and increase the
coefficients of Sr2+ by Titanium Phosphate probability of surface complex formation
are higher than by Zirconium Silicate. of —OH-Sr* or —-OH-Sr-OH compounds.
. To simulate the adsorption Kinetics, two
commonly used models Elovich and
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KUHETUKA COPBLIMM MOHOB Sr?* 13 BOJIHBIX
PACTBOPOB CUHTETMUYECKVUMU HEOPT AHMYECKHMU
COPBEHTAMU

B 5TOM HCCIIEIOBAHNM MCCIIEI0BATM KMHETUKY YIAJIEHUs HOHOB Sr’* U3 BOIHBIX
pacTBOpoB Ha (ocdaT THTAHA U CUIIMKAT HIUPKOHUS B IEPHOANYECKOM PEKUME.
CopO1us HOHOB Sr** CHIILHO 3aBUCHT OT BPEMEHH B3aMMOJICHCTBUS PacTBOpa U
MOBEPXHOCTH COPOCHTOB; a TAKXKE KHCIOTHOCTH pactBopa. [t MoaemipoBaHus
KWHETUKH aJICOPOIMH MPUMEHSJIUCH JBE IUPOKO UcTonb3yembie Mo e Elovich u
Diffusion. /I Bcex paccMaTpruBaeMbIX CHCTEM KHHETHYECKas MOJIeNb DJIOBHHA
obecreunBaa JIy 41yt KOP PEJBIIIIO IKCIIE PHMEHTAIbHBIX TAHHBIX.

KmioueBble cioBa: ctpoHuuii, ¢pocdaT TUTAHA, CHIIHKAT HUPKOHHS, MO JACIb
KUHETHKH.
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KIHETUKA COPBIII IOHIB Sr?* 3 BOJHMX PO3UYMHIB
CUHTETMYHMMU HEOPTI'AHIYHMMU COPBLEHTAMU

JIoCHipKEeHO KIHETHKY BUJICHHS i0HIB Sr2* 3 BOHUX po3unHiB Ha pocdarTMTaHy
i cuTKaT HUPKOHIIO B Hepio muuHoMy pexkumi. CopO1ist ioHiB Sr?* CHIIBHO 3aeKUTh
BiJI Yacy B3a€MO/Iii pO3UHHY i TOBEPXHi COPOEHTIB; & TAKOK KUCJIOTHOCTI PO3UHHY .
Jyisi MojiemoBaHHS KIHETHKU aJIcOpOIlil 3aCTOCOBYBAMCS JIBI NIHPOKO BIZOMI
kinetnuHi Mozen Enosuua (Elovich) i BayTtpimmbo wactuakoBoi madysii (Intra
particle Diffusion). Jlis BCix po3risiHyTHX CHCTEM KiHETHYHA MOjneiab Enouda
3a0e3nedyBaaKpally Kop esiiilo eKCIep MMEHTaJIbHAX JAaHUX.

KrouoBi ciioBa: ctpoH1iid, hpocdartutany, CUITIKAT TUPKOHIIO, MOJETb KIHETHKU.
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